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Summary

Bottomlandhardwoodforestsoncecovereda vast areaof the southernUnited States. Flood control and

drainage projects encouragedclearing theseforestsfor agriculture. Today, however,thereis a reversetrend

towardrestorationof thesevital ecosystems.Nevertheless,hydrologic modificationswill continueto

influence speciescompositionandbiological diversity, primary productivity, and the ultimatesuccessof

restorationefforts. Additionally, naturalsuccessionalprocesseswill influencerestorationsuccess.Natural

successionin theseecosystemsresultsfrom bothautogenicand allogenicprocessesandthe patternsof

successionvary by landformwithin the floodplain. Sites undergocontinuouschangefrom sediment

depositionandstreammeandering.Restorationguidelinesgenerallyrecommendidentifying older, relatively

undisturbedstandsto useas the criteria for successfulrestoration. Thesereferencesites, while chosento

representthe desiredfutureconditionof the restorationsite, may haveexperiencedalteredhydrology. The

interactionof successionand hydrology undernaturalconditionsis dynamicand complex. Whenone

or bothhavebeenalteredby humanintervention,however,the presentconditionof a referencesitemay not

be a feasiblegoal for thefuture conditionof a restorationsite.
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some examplesof restoration projects. Our focus will be on illustrating the interactive influence of altered

hydrology and vegetationdynamics (Niering 1990; Williard and Hiller 1990). First, however, we must be

clear what is meant by restoration and the role of referencesites in guiding restoration efforts.

Restoration Defined

Restoration of a forest ecosystemis necessarywhenforest vegetationhas been removed and natural

regenerationprocesseshavebeentruncatedby suchseveredisturbanceor on-goingmanipulationof the site

that restorationof forestvegetationis unlikely within an acceptabletimeframe. For example,conversionof

forestlandto modernagricultureinvolves first removingthe forestvegetationand,throughmechanicalor

chemicalmeans,suppressingregenerationof woody speciesfrom root sprouts,buried seed,or propagules

broughtto the siteby wind, floodwater,or animalsandbirds. Oncemanipulationof the siteceases,forest

vegetationwill return, althoughoften not quickly enoughto suit our preferences(Clewell andLea 1990).

Thus,restorationprojectstypically occur wheresoils and,to a lesserextent,hydrologyare intact (Clewell

andLea 1990). Restorationshouldnot be confusedwith rehabilitation. Rehabilitationis neededto improve

speciescomposition,stocking,or growth in young or degradedforeststands(Clewell andLea 1990;Maini

1992).

The goal of restorationis broaderthansimply establishinga tree canopyof a few selectedspecies.

Functionalreplacementof the natural systemis theideal, neverthelessin practicewe recognizethe

impossibility of achievingthis goal (Kusler andKentula 1990). Cairns (1986),however,suggestedthat most

functionalattributesarecorrelatedto vegetationstructureandcomposition. Establishmentof multispecies

standsthat quickly attaincomplex vertical structureis the focusof somecurrentresearch(Stanturfand

Shepardin press).

Restoration guidelines generally recommend identifying older, relatively undisturbed stands to useas

the criteria for successfulrestoration. Sharitz (1992), for example, stressedthe need to compare functions



of natural and restored forests. Clewell and Lea (1990) pointed out the drawbacks of using specific

referenceforests to gaugesuccess:(1) fully developedforests (i.e., vegetationcanopy) provide more

functions than young stands that have not reached canopy closure; (2) there is often little similarity in stands

of the samecommunity type, as measuredby similarity indices,due to accidentsof dispersal or localized

disturbances. To this we would add that past stand manipulations, either by silvicultural treatments or by

high-grading, will have changedspeciescomposition and stand structure.

Although thereare drawbacksto usingreferencesitesto measuresuccessin restorationprojects,

theyare useful in defining goals. A restorationsite, oncedeveloped,shouldfit within the rangeof species

compositionand standstructurefor that foresttype, as it occursin the vicinity (Clewell andLea1990).

Referencesitescanbe chosenwhich representthe desiredfuture conditionof the restorationsite. Care

mustbe taken, however,to establisha hydrologicalrecord for both the restorationand referencesites.

Extensiveleveeanddrainageconstruction,for example,haveisolatedlarge areasof the LMAV from

infrequentbut regularflooding of the mainstemMississippiand its tributaries. Sitesin the LMAV outside

the leveesare “drier’ now thanhistorically, and older standsin someareaswerethereforeestablishedunder

“wetter” conditions. One consequenceis that the currentpreferencefor establishingoak plantations(Haynes

et al. in press)on wildlife managementareascould result in greateroccurrenceof oak regionally thanwas

typical of the pre-colonial forest(TheNatureConservancy1992).

Within the mainstemlevees,calledthe batturelands,hydrologic modificationssuch as straightening

channelsby dredginghaveseverelyconstrainednormal river behavior. Oneconsequenceis that pointbars,

the “new” land critical for naturalcottonwood(Populus deltoides)regeneration,areno longerformed. This

will seriouslyreducethe future supplyof cottonwoodsawtimber(Parks,pers.comm., 1993).

Vegetation Dynamics

Restoration of forestedwetlands requires first of all an understanding of site variation within



floodplains and site requirements of the speciesto be used. Even though most forested wetland areasare

relatively flat, large differencesin site quality exist, andmany restorationefforts havebeenunsuccessful

becauseof failure to recognizethesedifferences. Elevational differencesof only a few inchescan have a

marked effect on site and therefore on speciesoccurrence and development (Hodgesand Switzer 1979).

Differences in hydrology, i.e., drainage and soil moisture, is the site factor most obviouslyassociatedwith

theseminor elevational differences, but they also reflect differences in soil type, texture, structure, and pH,

all of which affect speciessuitability for the site.

The discussionwhich follows of geomorphicsites, species-siterelationships,andecological

successionwill apply primarily to major streamvalleys of the MississippiAlluvial Valley and the Gulf

CoastalPlain. Slight differences,especiallyin speciesoccurrenceandassociations,occur in floodplains of

the Atlantic CoastalPlain andin minor bottomsof the Gulf CoastalPlain, but the principles,as they relate

to restoration,are the same.

Figure2 (Mitsch andGosselink1993) illustratesthe relationshipbetweenmajor geomorphic

featuresof asoutheasternU.S. floodplain and Figure 3-a (HodgesandSwitzer1979) is a hypothetical

depictionof a crosssectionof a major streamvalleyof the Gulf CoastalPlain. Eachtopographicfeature

shownin Figure 3-a may occur severaltimesandnot necessarilyin the order shown. Bars or point barsare

formedwhenthe concavesectionof streambankserodeand the sedimentis depositeddownstreamon an

oppositeconvexareaof the streamchannel. With time andincreaseddeposition,the barmay becomea

mud flat andmay eventuallyberaisedto the level of the currentfront or naturallevee. If the stream

continuesto move acrossthe floodplain, as illustrated in Figure 2, ridge and swaletopographytypical of

many coastalplain streamvalleys will be formed.

The origin anddevelopmentof thesefloodplain geomorphicfeaturesarediscussedby Hodges

(1994a) and detailed descriptions, including relativeelevation,soil types,drainageclass,andproductivityare

given by HodgesandSwitzer (1979). In summary, the fronts and ridges (former fronts) are the highest,best



drained,andmostproductivesiteswithin the floodplain. Soils aregenerallysandyor silty loams. Soils on

the flats arepredominantlyclays and the sitesarepoorly to somewhatpoorly drained. Sloughsandswamps

arisefrom old streambedswhich are almost filled or being filled with sediment. The soils are usuallyfine

texturedand drainageis poor. Standingwater may bepresentin the swampsexcept in extremelydry years.

The relationshipbetweengeomorphicsitepositionsandspeciesoccurrenceis discussedin detail by

HodgesandSwitzer (1979)andHodges(1994b). Sometypical speciesassociationsfor major streambottoms

of the Gulf CoastalPlain andMississippiAlluvial Valley are depictedin Figure 3-b, but as will be discussed,

variationsoccur dependingon stageof succession.For example,the elm-ash-sugarberry(Uln2us amencana,

Fraxinuspennsylvanica,Celtis laevigata) associationis commonon ridge and flat sites,but doesnot usually

occur on new land andin the very wet sloughsandswamps.Black willow (Salix nigra) andcottonwood

(Populusdeltoides)are the most commonspecieson the new land nearthe river. Greatestspeciesrichness

and diversity most often occur on the front andridge sitesandmay includesweetgum(Liquidainbar

styraciflua),a numberof bottomlandred oaks,swampchestnutoak (Quercusinichauxii), andhickories

(Caiya spp.) in somestreambottoms. Compositionon the flats canbe extremelyvariabledepending

primarily on drainage. Overcupoak (Quercuslyrata), water hickory (Caiya aquatica) andbaldcypress

(Taxodiurn distichum)maypredominateon the wettestareasandelm-ash-sugarberryon the somewhatbetter

drainedareas,but often with a good mixture of Nuttall (Quercusnuttalli) andwillow oak (Quercusphellos).

Overcupoak,water hickory, greenash,andpersimmon(Diospyivsviiginiana) are common associatesin

sloughs. Thebaldcypress-watertupelo (Nyssaaquatica)type is mostcommonin the swampsbut, depending

on depthof flooding, swamptupelo (Nyssasilvatica var. bij7ora), water elm (Planeraaquatica),Carolina ash

(Fraxinus caroliniana), water hickory, swamplaurel oak (Quercusheinisphaerica),andovercupoak may

occur.

A knowledge of natural successionalpatterns on bottomlandsitesis alsoimportant for long-term

successof restoration projects. Successionand the forces driving it are very different in bottomlands than

on most upland sites. On upland sites, successionis driven primarily by autogenicforces -- one community



of plantscreatesan environmentmoresuitable for establishmentof other speciesthan for themselves.Plant

successionon bottomlandsitesis the result of bothautogenicand allogenicprocesses.In additionto plant-

mediatedchanges,the site can changeover time dueto deposition. Small differencesin elevationcanresult

in greatdifferencesin site quality primarily becauseof differencesin hydrology. Speciesoccurrenceand

natural patterns of ecologicalsuccessionwithin the floodplain are strongly influenced by thesedifferences in

elevationandratesof deposition.

Hodges(1994a,b)presentsinformation on successionalpatternson floodplainsites. Threegeneral

patternsof successionare recognizedin majorbottoms. Onepatternoccurson permanentlyflooded sites

wherevery little depositionoccurs,suchas baldcypress-tupeloswamps. Successionis arrested”on these

sites, andcompositionalchangesmay not occurfor hundredsof yearswithout disturbance.The baldcypress-

tupelo type representsthe oldest type (oldesttrees)on the floodplain. Standscanbe200-300years old

beforebreakupoccurs.

Two otherpatternsof successionare illustrated in Figure 4. Onepattern,Figure 4-a, occurson

poorly drainedsitesat low elevations. The pioneertreespecieson thesesiteswith heavysoils is usually

black willow, but it is a short-livedspecies.Breakupof moststandsmay beginas early as age30 and few

remnantssurvivebeyondage60 (JohnsonandShropshire1983). As illustratedin Figure4-a, successional

patterndependson the rateof sedimentdepositionandsometimeson the textureof the sediment. It is

significant that all patternsof successionshownin Figure 4-atend towardthe elm-ashsugarberrytype,which

is the most commonforesttype in the major bottomsof the MississippiRiver alluvial plain andthe Gulf

Coastalplain. Progressionto theregionaloak-hickoryclimax is not well documented,but evidencefor it

existssuch as at Big Oak StatePark in Missouri. Wherethe sitesbuild rapidly, the time from pioneer

speciesto climax hasbeenestimatedto be about 600years (Shelford1954).

Anotherpatternof succession,Figure 4-b, occurson the higherelevation,betterdrainedridge and

front sites. Cottonwood is the pioneer specieson “new” land or afterallogeniceventsresulting in removalof



previouscommunitiesandexposureof mineral soil. However,breakupof cottohwoodstandsmay begin as

early as age45 and very few remnants survive to age80-100(Johnsonand Shropshire 1983). Stand

composition following the cottonwood associationcan be extremely variable and dependsprimarily on how

the cottonwood stand breaks up. Tolerant speciessuch as boxelder (Acernegundo),sugarberry,silver maple

(Acersaccha,inurn), and hackberry (Celtis occidentalis),usuallywell establishedbeneathcottonwoodstands,

will capture the site if the stand breaks up gradually. If break up is more rapid, the cottonwood may be

replaced by a number of speciesdependingon the advance regeneration and the ability of intolerants to

becomeestablished.In the MississippiRiver systemcompositionmaybe primarily sycamore(Platanus

occidentalis),pecan(Ca;ya illinoensis), andelm (riverfront association),but speciessuch as ash,sweetgum,

willow oak,and water oak are usuallypresent. The riverfront associationmay endurefor 75-125years. As

on the wettersites,the tendencyis towardan elm-ash-sugarberrytype which mayreplaceitself andendure

for 200-300years. A transitorysweetgum-oaktype canoccur following openingof the siteby natural

disastersor heavy cutting, but this dependson the presenceof advanceregeneration and/or coppice

regeneration.The sweetgum-oaktype may persistfor 200 years or longer. Whenflooding and

sedimentationessentiallyceaseandsoils start to mature,the regionaloak-hickoryclimax will beginto

appear. According to Shelford (1954) this associationmay begin with oakssuch as cherrybark(Quercus

pagoda),pin (Quercuspalustris), andswampchestnutandtake200 years or moreto progressto an oak-

hickory climax. At that stage,with infrequentandshort durationflooding, the sitemayfunction more like a

terracethana ridge siteon a floodplain.

Current RestorationPractice

Techniquesfor plantingand direct-seedingbottomlandhardwoodsareavailable. Direct-seeding,

although lessexpensivethan planting seedlings,is limited to oaks and other heavy-seededspecies(Kennedy

1994). Direct-seedingand planting seedlingscan be accomplishedby hand, usingvery simple and

inexpensivetools. Methods for mechanical planting and sowingare faster, but generally require more

expensivepreparation of the planting site. Efforts are underway to developaerial seedingmethods.



The literature on bottomland hardwood restoration is substantial (Haynes et al. 1988),but much

needsto done (Clewell and Lea 1990; Sharitz 1992). Major researchemphasistoday is on characterizing

referencesites to guide restoration efforts; new reforestation techniques,such asintercropping; methodsto

establish mixed speciesstands; and on the effects of restoration at the landscapelevel.

Intercropping cottonwood with Nuttall oak is a technique designedby James River Timber

Corporation,who is alreadyusing it in its private landowner reforestation assistanceprogram. The rationale

for this novel techniqueis to usecottonwoodas a nursecrop that improvesthe conditionsfor oaksurvival

andgrowth. This treatmentwas explicitly designedto provide early incomefrom timber as an economic

incentiveto encourageprivatelandownersto reforestthesedegradedwetlands. The nursecropconceptis

well-known in silviculture (Matthews1989) andhasbeenrecommendedfor reforestationof abandoned

agricultural fields (McKevlin 1992). However,no dataare availableto compareit to other morecommonly

usedreforestationmethods.

A major researchchallengetodayis restoringmixed standsthat quickly acquire the kind of structure

found in naturalstands. Restorationefforts in the pasthaveconcentratedon establishingsingle-species

plantations. The appearanceof a plantationcan be avoidedby altering the patternof planting, for example

by plantingin wavy lines rather thanstraight rows. Othermodifications will be necessaryto establishstands

with a canopystructurethatmaximizesaviandiversity (Stanturfin press). Multispeciesplantationscan be

establishedin severaltypesof mixtures(Goelz in press). Intercroppingmixtures(single speciesrows) and

mixed monotypes(speciesin block plantings) producean overallmixture,but speciesareclumpedin a way

that doesnot mimic natural conditions. Methods for establishingtrue mixtureswill requirebasic

information on how speciescompetewith eachotherduring earlystanddevelopment,especiallyafter crown

closure. Becauseearlygrowth of somespeciescanbe quite slow, they canbe overtoppedby competitors.

In additionto inherentgrowth rates,competitiveability is affectedby environmentalconditionssuch as soil

propertiesandflooding frequencyandduration(McKnight et al. 1981).



Most reforestationwork occursin small patches,exceptfor a few largepublic projects. Many

researchershavediscussedthe effects of fragmentationon wildlife, particularly area-sensitive,interior-

dwelling neotropicalmigratorybirds (Robbinset al. 1989;Wilcove andRobinson1990). Gosselinket al.

(1990) reporteda casestudyof the 1 million hectareTensasBasinin Louisianaandusedisland

biogeographic theory to plan a reforestation effort. Few, however, have documented the benefits of

reforestingin largeblocks,particularly whenexisting largepatchesare to be connectedby corridors. The

Lake George Restoration site in Mississippi provides an opportunity to evaluate this hypothesis. The

restorationsite connectstwo of the largestblocks of naturalandrestoredbottomlandhardwoodforestsin

the LMAV, the Delta NationalForest andPantherSwampNationalWildlife Refuge(Figure5). Wildlife

useof the areaprior to, andfollowing, restorationis being evaluated(Corp of Engineers1989).

Another exampleof ongoingwetlandrestorationefforts is associatedwith severalthermally-

impacted,low order streamsat the SavannahRiver LaboratorynearAiken, SC. Dischargesof water with

elevatedtemperaturesinto PenBranchandFourMile Creekhaveeradicated the woody vegetationthatwas

typical for forestedfloodplainsof the SE U.S. As a result, herbaceousspeciessuchas cattail (Typhaspp.)

andblackberry(Rubusspp.) and light-seededwoody speciessuchasblack willow now occupysites once

dominatedby mixturesof Nyssa, Quercus,andAcerspp. (amongothers).

In additionto their high temperatures,dischargesfrom the K reactorwereas much as 10 times

greaterthannormal highwateron PenBranchandFourMile Creek, resultingin substantialchannelerosion

anddepositionof a broaddeltadownstream,Approximatelyhalf of the200 hectaredelta formedon Pen

Branchis regeneratingnaturally from the adjacentbackwaterswampforest of the SavannahRiver (McKee

1994). The remaining portion of the delta and the floodplain upstream is the focus of restoration efforts.

Becauseof the higher elevation of the sediments,and reduced backwater flooding into PenBranch

causedby dams on the SavannahRiver (Sharitz and Lee 1985), the choiceof speciesfor restoration could

not be guided strictly by the pre-impact conditions or the unimpacted forests nearby (McKee 1994).



Therefore, transectswere establishedacrossthe restoration site to monitor hydroperiod during the growing

seasonandspecieswere selectedbasedon their toleranceto flooding.

Reforestationis directedtowardplanting baldcypressandwater tupelo in wetterareaswith water

hickory, greenash,swampchestnutoak, willow oak, cherrybarkoak,persimmonandbeechbeing considered

for better-drainedportionsof the floodplains(McKee 1994;Duloheryet al. in press). Theseenrichment

plantingsare coupledwith intensiveefforts to control competingvegetation. Aerial andbackpack

applicationsof herbicideswill be usedto control bothherbaceousandundesirablewoodyspecies. In a

limited numberof locations,manualsuppressionmaybe usedto reducestandingwoodymaterial.

It is anticipatedthat the combinationof enrichmentplantingsandcompetitioncontrol measureswill

restorevegetationcommunitiesthat approachthe structureandspeciesassemblageswhich arecharacteristic

of floodplain forests. In turn, the re-establishmentof suchcommunitiesshouldpromotethe multiplicity of

functions typically associatedwith riparianforests. Futureplanscall for assessmentof the degreeto which

habitat,biogeochemical,andhydrologic functions are restored. It is interestingto note, however,that the

heavily impactedsitewas regeneratingnaturallyoncethe thermaldischargesceased. Successionhad been

setbackto the initial stageof new” land, i.e. baremineral soil, andinvasionby black willow is quite

advanced. Restorationwasundertakenbecausethe estimated50 yearsneededfor naturalstand

developmentwas judgedtoo long (McKee 1994).

LessonsFrom DynamicSystems

Hydroperiod is the driving factor in thesedynamic systems,and relatively minor differences in

topography can substantially affect vegetationcomposition. It is absolutely critical to establish the current

hydrology of a restoration site to determine which speciesare suitable for planting. Our rule of thumb in

the LMAV is to acquire at least a 5-year record of growing seasonflooding (Stanturf in press).



An understandingof hydrology is also critical in locating a suitablereferencesite. In areaswhere

extensiveclearinghasremovedmostof the former vegetation,suitablereferencesitesmay simply be

unavailable. One is left, in that case,to infer suitability of speciesfrom information on speciespreferences

for site characteristics.On the otherhand,nearbyforestsmay not be suitablereferencessites if the

hydrology of the restorationsitehasbeenaltered. Such wasthe casein the portionsof PenBranchwhere

sedimentationhadraisedthe elevationof the site. Otherexamplesaboundwhereupstreamhydrologic

alterationssuch as damshavechangedhydrology.

Anotherpitfall to avoid is extrapolatingfrom maturevegetationon a referencesitewhich has

alteredhydrology. In areasof drainageand leveeconstruction,suchas in the LMAV, regionalhydrology

haschangedsubstantiallywithin thelifetime of maturestands. The conditionsunderwhich standswere

establishedmay no longerbe operating. Cypress,for example,can toleratecontinuousflooding under

certainconditionsyet requiresunfloodedconditionsto regeneratenaturally. Highway construction,levees,

impoundments,anddrainagesystemscanalter hydroperiodssuchthat swampareasno longerexperiencedry

years,making it impossiblefor cypressto regeneratefrom seed.

Whetheror not a suitablereferencesitecanbe located,it is imperativethat speciespreferencesand

tolerancesare matchedto the characteristicsof the site, in particular inundationregime. Relative flood

toleranceof bottomlandhardwoodsweresummarizedby McKnight et al. (1981). Inundationregimeis more

complex,however,than whetheror not a site floods. Depth,time, anddurationof flooding mustbe

considered,as well as the stateof thefloodwater,particularlyflowing versusstagnant(Hook andScholtens

1978). Soil physical conditions,root aeration,nutrient availability, andmoistureavailability during the

growing seasonareother importantfactors (Stone1978; BakerandBroadfoot 1979).
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Figure Captions

Figure. 1. Extent of bottomlandhardwoodsin the southernUnited States. (After Putnamet al. 1960).

Figure 2. Major geomorphic features of a southeasternUnited Statesfloodplain. (After Mitsch and

Gosselink1993)

Figure 3. Generalizedcross-sectionof a major streambottom of the CoastalPlain. A. Major streamvalley

showingtopographicpositions. B. Speciesassociatedwith topographicvariationswithin a major stream

valley.

Figure 4. Patternsof naturalsuccessionin major streambottoms. A. Successionbeginningon poorly

drainedsitesat low elevationsin major bottoms. B. Successionbeginning on better-drained higher-elevation

sites in major bottoms.

Figure 5. Lake GeorgeWildlife RestorationSitein Mississippi.
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